Background: Both glucose-6-phosphate dehydrogenase (G6PD) deficiency and sickle cell disease (SCD) are prevalent in malaria-endemic regions. Controversy however persists as to whether G6PD deficiency is commoner in SCD subjects compared with the general population. Co-existence of the enzyme-deficient state with a chronic haemolytic disorder, like SCD, could potentially predispose to fatal haemolytic episodes. There is however a dearth of paediatric studies on this subject. Aims and Objectives: To determine the prevalence and demographic determinants of G6PD deficiency in children with SCD. Methods: Red cell G6PD activity was determined in 115 steady-state sickle cell disease children aged 0.5 -17 years, in steady state and equal number of age & gender-matched non-SCD controls using the quantitative method. A measured G6PD activity of <6.97 U/gHb defined G6PD deficiency while values ≥6.97 U/gHb were regarded as normal. Data were analysed using SPSS version 20. Statistical analyses done include chi-square, student t-test and ANOVA. For all statistical analyses, p values less than 0.05 were considered significant. Results: There were 64 (55.7%) males and 51 (44.3%) females in each of the arms of the study. The mean age of the study population was 8.4 ± 4.7 years. Seven of the subjects were G6PD-deficient giving a prevalence of 6.1% which was not significantly different from the 7.0% obtained in the controls (p = 0.789). G6PD deficiency was more frequently encountered in the older age groups although the difference was not statistically significant (p = 0.438). Similarly, mean G6PD activity was highest
Introduction
Glucose-6-phosphate dehydrogenase (G6PD) deficiency, like sickle cell disease (SCD), is prevalent in malaria-endemic regions such as Africa (especially sub-Saharan Africa), Asia and the Mediterranean regions [1] . This has been attributed to the partial protection this condition offers against severe malaria, thus conferring a survival advantage on sufferers residing in malaria-endemic regions [1] [2] . Acquired in an X-linked recessive fashion, G6PD deficiency is the commonest enzymopathy worldwide affecting up to 400 million persons [3] . The prevalence figures across the West African sub-region range from about 8.5% in Ghana [4] to 31% in Burkina Faso [5] , with the latest prevalence estimate for Nigeria put at 8.6% [4] [5] [6] . Glucose-6-phosphate dehydrogenase catalyzes a key step in the pentose-phosphate pathway critical to the maintenance of glutathione in the reduced state [7] . The reduced glutathione in turn neutralizes agents that potentially oxidize either haemoglobin or other components of the RBC membrane [8] . The enzyme is thus vital to the defence of red cells against oxidative stress, especially in children with SCD, known to face increased oxidative challenge [9] [10] . The commonest manifestation of the condition is recurrent, acute (and often life-threatening) haemolytic episodes, which commonly follows exposure to a wide range of oxidant medications or infectious agents [3] [7] .
In view of the relatively high prevalence figures of SCD and G6PD deficiency in malaria-endemic areas of the world [1] [6] , several studies have been done, attempting to unravel the possible interactions that may exist between these two inherited haematologic conditions. As a follow up to the findings of a number of published work, documenting the protective effect of both conditions against malaria, several other studies have been done comparing the prevalence of G6PD deficiency in SCD subjects with that in the general population [11] - [16] . Findings on this subject have been divergent with various studies reporting higher, lower and almost equal prevalence of G6PD deficiency in the SCD sub-population, compared with the general population [13] [17] [18] [19] . Similarly, the impact of co-existing G6PD deficiency on survival of SCD subjects has generated significant controversy. A number of studies have demonstrated a rising age-stratified prevalence of G6PD deficiency with advancing age in SCD Open Journal of Pediatrics children, suggesting a possible survival advantage associated with the enzyme deficiency state. These finding was however not corroborated in some other studies [19] [20] .
Worthy of note however is the fact that nearly all of the available published work on this subject recruited predominantly adult subjects with only a handful of paediatric subjects included. Specifically, this author is unaware of any paediatric study on the prevalence of G6PD deficiency in SCD subjects, especially on the African continent. Wholesale adoption/extrapolation of findings from such adult-based studies for use in paediatrics may be misleading. This study therefore sought to provide a paediatric perspective on the above subjects. The aim of the study was to determine the prevalence and demographic determinants of G6PD deficiency in children with SCD.
Methods

Subjects
This was a comparative cross-sectional study, conducted in the Paediatric Sickle
Cell Disease Clinic of the University of Ilorin Teaching Hospital (UITH), Ilorin.
Subjects were known SCD children aged 6 months to 17 years, in steady state, while clinically stable, age-and gender-matched non-SCD peers of the subjects were recruited as controls. The study was carried out over a six-month period;
between July 2012 and January 2013. A total of 115 subjects and equal number of controls were recruited for the study. Children transfused in the preceding three months and those with severe anaemia were excluded from the study. Ethical Eligible children were recruited consecutively for the study using a semi-structured questionnaire.
Laboratory Procedure
Four mls of blood was collected from all enrolled subjects and controls by venepuncture using aseptic procedure. This was divided equally into two ethylene diamine tetra-acetate (EDTA) bottles. The first EDTA sample was used for G6PD activity assay, while the second sample was used for Haemoglobin elec- 
Data Analysis
Results
One hundred and fifteen SCD patients (subjects) and equal number of controls were recruited for the study. One hundred and five (91.3%) of the subjects had haemoglobin genotype SS, while the remaining 10 (8.7%) had genotype SC. Similarly, 108 (93.9%) of the controls had haemoglobin genotype AA while 4 (3.5%) and 3 (2.6%) had genotypes AS and AC, respectively. The mean age (±SD) among the subjects was 8.0 ± 4.6 years while the corresponding value in the controls was 8.0 ± 4.7 years. As shown in Table 1 , 33 (28.7%) of the subjects were within the under-5 age group while 14 (12.2%) were aged 15 years and above. Sixty-four of the subjects (55.7%) were males while 51 (44.3%) were females.
Most (96.5%) of the subjects were of Yoruba descent, comparable to the finding among the controls, 94.8% of whom were also Yoruba by tribe (x 2 = 1.018, df = 2, p = 0.601). Similarly, most of the families in both groups belonged to socio-economic classes II, III & IV.
Prevalence of Glucose-6-Phosphate Dehydrogenase Deficiency in the Study Population
Seven of the subjects (6.1%) were G6PD-deficient while eight (7.0%) of the controls were found to be G6PD-deficient. Subjecting this distribution to the Chi-square test, there was no significant difference in the prevalence of G6PD deficiency among the 2 groups (x 2 = 0.071, df = 1, p = 0.789). The G6PD-deficient in both groups were homozygous for Hb genotype S and A Table 2 shows the distribution of glucose-6-phosphate dehydrogenase activity and status by gender in the study population. The enzyme deficiency status was commoner among the males than females, in both the subjects and controls. Using the Fisher's exact test, the male predominance in both groups was, however, not of statistical significance. Similarly, the mean (±SD) G6PD activity in the males was higher than the corresponding value in the females, in both groups. These differences were however not of statistical significance (p = 0.897 and 0.215 in the subjects and controls, respectively). Figure 1 shows the distribution of G6PD deficiency across the various age strata. Figure 1 . Age distribution of glucose-6-phosphate dehydrogenase deficiency among the subjects. Open Journal of Pediatrics
Gender Distribution of Glucose-6-Phosphate Dehydrogenase Deficiency
Age Distribution of Glucose-6-Phosphate Dehydrogenase Deficiency
The highest proportion of G6PD deficiency (14%) was found in subjects 15 yrs and above, while subjects under 5 years of age had the lowest proportion (3%) of those who were G6PD-deficient. The differences across the various age groups was however not statistically significant (x 2 = 2.715, df = 3, p = 0.438).
Similarly, as depicted in Figure 2 , the under-5 age group had the highest mean (±SD) G6PD activity (22.65 ± 9.62 U/gHb) while the age group 10 -15 years had the lowest (19.55 ± 8.55 U/gHb). The differences in these values across the groups also did not attain statistical significance (F stat = 0.669, df = 3, p = 0.573).
Discussion
The prevalence of G6PD deficiency among the SCD population in this study was 6.1%. This value is lower than that reported by earlier studies, all of which recruited predominantly adult subjects. In Nigeria, studies by Bienzle et al. [18] and Egesie et al. [23] had earlier reported prevalence of 16% and 18.5% respectively. Similarly, prevalences ranging between 21.6 to as high as 45%, had emanated from studies conducted in SCD subjects in other parts of Africa [11] [13] Some of these may result in differing malaria endemicity pattern, a key factor known to influence the prevalence of G6PD deficiency [2] [24].
However, allowing for the probable influence of the factors mentioned above, Figure 2 . Variations in mean glucose-6-phosphate dehydrogenase activity with age among the subjects. Open Journal of Pediatrics juxtaposing the prevalence from this study with that from earlier studies, done predominantly in adults tend to paint a picture of increasing G6PD deficiency prevalence with advancing age in SCD subjects. This, on face value, would suggest that a sizable proportion of G6PD-deficient SCD children are surviving into adulthood, raising the likelihood of G6PD-deficiency conferring a survival advantage on SCD subjects. A critical appraisal of the age-stratified prevalence of G6PD-deficiency among SCD patients, in this study, also showed a near-steady rise in the proportion of G6PD-deficient subjects with advancing age. The lowest prevalence (3.0%) was seen in the under-5 age group while the highest (14.3%) was found in subjects aged 15 to 17 years. The distribution of mean G6PD activity across the age groups also mirrored this pattern, with the highest mean enzyme activity found in the under-5 age-group and the lowest in those above 15 years. The difference in the proportion of G6PD subjects between the age groups was however not of statistical significance (possibly due to the much lower number of recruited subjects aged 15 years and above). This finding is identical to that reported by Simpore et al. [17] in Burkina Faso. A possible explanation for this trend is the well documented protection G6PD deficiency is known to offer against malaria. In a malaria-endemic region like Nigeria, this protective effect could imply less frequent intercurrent malaria episodes and malaria-precipitated vaso-occlusive crises which might ultimately translate into a survival advantage for enzyme-deficient persons. However, the relatively low population of G6PD-deficient subjects found in this study, as well as the fact that the difference in the proportion of enzyme-deficient subjects across the various age groups did not assume statistical significance, indicates the need for further studies before such deductions can be validated. This is especially so, bearing in mind the propensity of enzyme-deficient persons to equally develop fatal haemolytic episodes when exposed to oxidants. A number of other studies also failed to demonstrate this trend. A comparison of G6PD deficiency prevalence in the SCD population with that in the controls revealed a marginally, but statistically insignificant, higher prevalence (6.1% in the SCD subjects, 7.0% in the controls) in the latter group. Although the values are much lower, possibly due to the reasons earlier highlighted, the overall pattern is identical to that reported in earlier studies [12] [15] [18] [19] . This is hardly surprising, considering the fact that the genes involved in these conditions are located on different chromosomes, hence are expected to assort independently. In contrast to the above, findings from a number of other studies [11] [13] [17] , many of which were also done within the West African sub-region showed significantly higher prevalence of G6PD deficiency in the SCD population compared with the controls. This disparity might have stemmed from methodological differences as a larger pool of SCD subjects was recruited and the more reliable quantitative G6PD assay was deployed in this study. However, the factors responsible for the difference in the findings from this study and that by Diop et al. [13] , who also recruited over 100 SCD subjects and controls, and made use of quantitative G6PD assay method are not imme-Open Journal of Pediatrics diately apparent, but could be linked to geographical variations.
Glucose-6-phosphate dehydrogenase deficiency was commoner in the males than females, both in the SCD and control populations. This is to be expected a priori, in view of the X-linked recessive inheritance of the disease. Female offsprings of a G6PD-deficient father would all be carriers (heterozygotes) of the trait, with a variable range of G6PD activity, while each male offspring of a carrier or affected (homozygote) mother has a 50% -100% chance of being G6PD-deficient [21] [25] . The difference in sex prevalence in this study was, however, not of statistical significance. Similarly, there was no significant difference in the mean G6PD activity between the males and the females, though values in the males were marginally higher than that in the females. This trend is supported by findings from a number of other studies [17] [19], including a recent one conducted by Obasa et al. [26] within the same study site, but in the neonatal age group. The findings of Kaplan et al. [27] in neonatal studies done in the USA, however runs parallel to the above with a higher G6PD deficiency prevalence found in females compared to males, though the difference was not statistically significant. In addition to the fact that this finding is contrary to what would be expected of an X-linked disorder, the wide variations existing between this study population and that of Kaplan [27] may not allow for a sound comparison.
Conclusion
There is no significant difference between the prevalence of G6PD deficiency among SCD and non-SCD populations. The enzyme-deficient status is however marginally commoner among the non-SCD, males and the older subjects.
Children with suggestive features/history, irrespective of Hb genotype, should be offered prompt testing and counselling to forestall fatal haemolytic episodes.
